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Luminal re Module Having Multiple Rotatably Adjustable Reflectors 

Field of the Invention 
This invention relates to a luminaire, and more particularly, to a luminaire having 
adjustable reflectors positionable to increase efficiency and energy conservation. 



Background of the Invention 
5 Luminaires or light fixtures for use with fluorescent bulbs have been in use for 

many years. Luminaires typically have rectangular box-like bodies which are adapted to 
be mounted in ceilings. The luminaire is generally provided with some type of reflectors 
positioned longitudinally behind or alongside of the fluorescent bulb to reflect light 
outwardly from the luminaire into the area desired to be lit. 

1 0 Recently, energy conservation and efficiency of luminaires has been improved by 

the use of reflectors formed of specular material, such as silver or aluminum. These 
materials reflect light with greater precision than previous materials and permit the 
lighting engineer to control the manner in which the light is reflected. 

State of the art luminaires are currently custom manufactured to meet luminosity 

15 criteria desired for the installation site. To ensure the installation of the most suitable 
lighting fixtures, on-site measurements are taken, appropriate reflector designs are 
chosen, and the reflector material, usually in the form of sheet metal, is bent or molded 
into reflectors composed of many precise angles at which the light is to be reflected 
without causing unsightly overlap with the resultant beams of light. Such a procedure is 

20 time consuming and expensive. If the measurements are not carefully taken, it may be 
necessary to rebuild the luminaire or to make other adjustments which lead to diminution 
of the efficiency of the energy utilized. 
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It is also known to provide a luminaire with movable reflectors which may be 
positioned to change the physical dimensions of the light column produced by the light 
fixture, such as disclosed in U. S. Patent No. 3,099,403 to Strawick. 

It is also known as disclosed in U. S. Patent No. 3,166,253 to provide a luminaire 
5 having a plurality of movable slats or reflectors positioned outwardly from fluorescent 
bulbs. The reflectors are movable together like a Venetian blind to simulate natural light 
coming through a Venetian blind. 

However, none of the presently known devices provide the necessary adjustments 
to increase energy efficiency and energy conservation. 
10 Accordingly, it is desirable to provide a luminaire which has adjustable and 

interchangeable reflectors which are easily positionable to provide maximum efficiency 
for a full range of applications or adjusted for a different application. 

Summary of the Invention 
Thus disclosed is a novel luminaire having an outer body and a support structure 

1 5 for mounting of both fixed and pivotable reflectors. The support structure is positionable 
within the body to widen or narrow the width of the beam of light emitted from the 
luminaire. Additionally, the support structure can be angled within the body to provide 
an asymmetrical light beam if desired. The movable reflectors are mounted to pivotal 
mounts connected to positioning rods to provide precise adjustment of the directional 

20 light reflectivity. The reflectors are mounted to brackets to permit ready substitution of 
reflectors having different reflection characteristics. Alternatively, the luminaire can be 
provided with a two-sided or three-sided reflector. Each of the sides having different 
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reflective characteristics. The reflectors are pivotable so that the side with the desired 
characteristics can be chosen. 

Also disclosed is a novel reflector assembly for reflecting light from a bulb in a 
luminaire. The luminaire is of the type having an elongated body with a top and a pair of 
5 sidewalls defining an opening for permitting a beam of light to be emitted. The luminaire 
also has first and second ends and supports a bulb in the elongated body between the light 
emitting opening and the top. The reflector assembly includes a reflector support unit 
which can be mounted within the body of the luminaire between the opening and the top. 
The ends of the support unit are configured to interconnect with the ends of the 

10 luminaire body and are independently, vertically adjustable in a linear direction so as to 
adjust the distance between each end of the support unit and the corresponding end of the 
opening in the luminaire body. The reflector assembly includes one or more reflectors 
mounted to the support unit that reflect light from the bulb. In some embodiments, a 
plurality of reflectors is included, each positioned to reflect a portion of the light coming 

15 from the luminaire bulb. In some embodiments, the reflectors are pivotally mounted to 
the support unit so that they can pivot around their longitudinal axis. 

Additionally, there is disclosed a modular luminaire and the modules for 
constructing such a module luminaire. The modules include a housing with a cavity 
therein. The housing is either configured to mount within a luminaire frame or to 

20 connect to the end of a luminaire shell and to cooperate with the second module so as to 
form a complete luminaire. The module has at least one bulb holder that is supported by 
the housing and a plurality of rotatably adjustable reflector holders supported by the 
housing. The rotatably adjustable reflector holders are designed to engage the ends of 
elongated reflectors. The module also has at least one geared reflector adjuster to adjust 
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the rotational position of at least one of the reflector holders. The reflector adjuster is at 
least partially disposed in the cavity of the housing. 

Finally, there is a disclosed a novel means of connecting directional luminaries to 
remote control communications systems to direct the illumination pattern of one or more 
5 directional luminaries onto the areas of interest from a remote site, in accordance to a 
building-wide illumination strategy, or the preferences of individual users. Besides 
disclosing the mechanical and electrical means of directing light onto the areas of interest 
in accordance with these preferences, also disclosed is a means of establishing a 
communication protocol by which this strategy may be coupled with state of the art 
10 dimmable ballasts for fluorescent fixtures, to provide an overall illumination strategy 
further increasing the quality and efficiency of lighting systems. 

A more complete understanding of this invention may be obtained from the 
following detailed description as well as taken with the accompanying drawings. 

Description of the Drawings 
1 5 Figure 1 is a partially exploded perspective view of a luminaire according to the 

invention; 

Figure 2 is a cross-sectional view of the luminaire taken along lines 2-2 of Figure 

i; 

Figure 3a is a schematic end view of the luminaire with the support unit in a 
20 lowered position producing a wide distribution beam of light; 

Figure 3b is a schematic view of the luminaire with the support unit in a raised 
position producing a narrow distribution beam of light; 
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Figure 4 is a perspective view of an adjustment mechanism for the movable 
reflectors in accordance with the invention; 

Figure 4a is a partial side view of a mounting mechanism and a reflector; 

Figure 5 is a first alternative embodiment of an adjustment mechanism for the 
5 movable reflector; 

Figure 6 is a perspective view of a second alternative adjustment assembly for the 
reflectors; 

Figure 7 is a perspective view of a two-sided reflector in accordance with the 
invention; 

10 Figure 8 is a perspective view of a three-sided reflector in accordance with the 

invention; 

Figure 9a is a perspective view of a reflector having a flat reflective surface; 

Figure 9b is a perspective view of a reflector having a concave reflective surface; 

Figure 9c is a perspective view of a reflector having a convex reflective surface; 
15 Figure 10 is a perspective view of a reflector assembly according to the present 

invention mounted in a luminaire body with a portion of the luminaire body cut away to 
show the adjustment mechanism; 

Figure 11 is an end view of a reflector assembly according to the present 
invention showing one embodiment of an adjustment mechanism for the pivotally 
20 mounted reflectors; 

Figure 12 is an end view of a reflector assembly according to the present 
invention having a different adjustment mechanism; 

Figure 13 is a diagram showing a light ray being reflected from a specular 
surface; 
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Figure 14 is a diagram of a light beam being reflected from a diffuse surface; 
Figure 1 5 is a diagram showing light being reflected from reflectors located in a 
plane positioned such that the reflector assembly creates a narrow reflected light beam; 
Figure 16 is a diagram showing reflectors located in a plane positioned such that 
5 the reflector assembly creates a wide reflected beam; 

Figure 17 is a diagram showing light being reflected from a group of reflectors 
adjusted so as to create a center weighted, focused distribution of light; 

Figure 18 is a diagram showing light being reflected from a group of reflectors 
adjusted so as to form a laterally centered distribution of light; 
10 Figure 19 is a diagram showing light being reflected from a group of reflectors 

adjusted so as to form a fanned distribution of light; 

Figure 20 is a diagram showing light being reflected from a group of reflectors 
adjusted so as to form a laterally fanned distribution of light; 

Figure 2 1 is a view of adjustment and coordinating gears showing the variation in 
1 5 diameter; 

Figure 22 is a view of two adjustment gears and an alternative coordinating gear; 

Figure 23 is a perspective view of a modular luminaire assembled with a pair of 
modules according to a further aspect of the present invention; 

Figure 24 is an elevational view of the inward surface of one of the modules used 
20 in assembling the luminaire of Figure 23, with a portion of the inward surface cutaway to 
show the geared reflector adjuster in the module; 

Figure 25 is an elevational view of the inward surface of the other module used in 
constructing the luminaire of Figure 23 with a portion of the inward surface cutaway to 
show the internal structure; 
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Figure 26 is a exploded perspective view showing a modular luminaire system 
according to the present invention being assembled into an opening in a ceiling; 

Figure 27 is a schematic view showing different ways in which modules, each 
having three rotatably adjustable reflectors on each side of a central stationary reflector, 
5 can be combined so as to form luminaires of various sizes; 

Figure 28 is a schematic view showing different ways in which modules, each 
having two rotatably adjustable reflectors on each side of a central stationary reflector, 
can be combined so as to form luminaires of various sizes; 

Figure 29 is a schematic view showing different ways in which modules, some 
1 0 having rotationally adjustable reflectors on one side of a stationary central reflector and 
two rotatably adjustable reflectors on the other side of the central reflector, can be 
combined so as to form luminaires of various sizes; 

Figure 30 is a sketch showing a pair of four lamp modules designed for 
applications requiring large luminaires; 
15 Figure 31 is a sketch showing a comparison between a module designed for 

mounting within the larger luminaire housing and a module designed to form the end 
portion of a self-contained modular luminaire; 

Figure 32 is a transparent perspective view of an industrial version of luminaires 
assembled with a pair of modules according to the present invention, with the luminaire 
20 shell removed; 

Figure 33 is a perspective view of the luminaire of Figure 32, further with the 
covering for the light opening removed for clarity; 

Figure 34 is a perspective view of the luminaire of Figure 32 showing just the pair 
of modules and the luminaire shell; 



WO 01/1 4792 PCT/US00/40760 

-8- 

Figure 35 is an elevational view of a luminaire module according to the present 
invention including an adjuster drive for adjusting the reflector positions; and 

Figure 36 is a schematic showing a control system for a luminaire system 
according to the present invention including motorized reflectors and other features. 

5 Detailed Description of the Preferred Embodiments 

A luminaire 1 0 for a fluorescent light 12 according to the invention is best shown 
in Figures 1 and 2. The luminaire 10 is suitable for mounting in a ceiling suspended or 
recessed in a ceiling or wall (not shown). The luminaire 10 includes a rectangular box- 
like body 1 4 having an opening for accepting a conventional light (not shown). The body 
10 1 4 has a top 1 6 and a pair of sides 1 8 which extend between a pair of ends 20. The body 
14 is formed of a rigid, heat resistant material such as aluminum. 

A support unit 22 is adjustably mounted to inner sides 26 of each end 20 of the 
body 14. Two vertically aligned rows of threaded apertures 24 are formed in the ends 20 
for receiving bolts 28 for mounting the support unit 22 to the body 14. 
15 As discussed more fully below, and shown in Figures 3a and 3b, the rows of 

apertures 24 permit mounting of the support unit 22 in a range of positions to vary the 
width of the projected beam of light. In a raised position shown in Figure 3b, the support 
unit 22 projects a narrow width beam 30 of light. In a lower position, shown in Figure 
3a, the support unit 22 projects a wide width beam 32 of light. The support unit 22 may 
20 be angled with respect to the opening 21 for producing an asymmetric beam of light. 

As shown in Figure 2, the support unit 22 includes a pair of end pieces 40, 41 
supporting the fluorescent bulb 12, a fixed center reflector 34, a pair of fixed side 
reflectors 36 and two pairs of movable reflectors 38. The end pieces 40, 41 are generally 
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rectangular in shape having an inner edge 44, outer edge 46, and a pair of side edges 48. 
As discussed more fully below, the end piece 40 is spaced apart from the inner surface 26 
of the housing 14 by spacer brackets 42. The ends of the fluorescent bulb 1 2 are received 
in sockets 50 mounted on each end piece 40, 41. The bulb 12 thus extends along a 
5 longitudinal axis within the body 1 4 and support member 22. An electronic ballast 52 is 
also mounted on the end piece 40. 

The fixed center reflector 34 is mounted by brackets to each end piece 40, 41. 
The center reflector 34 has two lateral sides 54 extending in a AV@ from a corner 56. 
The corner 56 of the A V@ is mounted between the socket 50 and the inner edge 44 of the 

1 0 end pieces. The sides 54 of the center reflector 34 extend parallel with the longitudinal 
axis of the fluorescent bulb 12 to reflect light through the opening 21 . 

The fixed side reflectors 36 are mounted on either side of the bulb 1 2 adjacent the 
outer edge 48 of the end pieces 40, 4 1. In the preferred embodiment, the fixed reflectors 
36 extend along a plane which extends parallel to the longitudinal axis of the fluorescent 

1 5 bulb 1 2 and intersects the outer edge 58 of each side 54 of the center reflector. The fixed 
reflectors 36 are made of suitable rigid material and are coated to reflect light. The 
reflectors 34, 36 may be provided with any of a variety of coatings or materials to 
provide either spectral reflection or diffuse reflection. For instance, silver coating will 
provide a reflection with a minimal diffuse reflection, while a white enamel coating will 

20 provide a relatively low spectral reflection with a relatively great diffuse reflection. 
These types of reflection are illustrated in Figures 13 and 14. Figure 13 shows how light 
is reflected from a specular surface such as one with a silver coating. Figure 14 shows 
how light is reflected from a diffuse surface such as one having a white enamel coating. 
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As best shown in Figures 1, 2, 4 and 4a ? the movable reflectors 38 are mounted to 
the end pieces by an adjustment mechanism including mounting brackets 42 and an 
adjustment rod 74. The mount 62 has a shaft 66 extending from a flange 68 for mounting 
the movable reflector 38. The shaft 66 is positioned through an aperture 72 in the end 
5 piece with the flange 68 extending outwardly from the inner surface of the end piece. A 
gear wheel 70 is mounted on an opposite end of the rod 74 extending into the space 
formed by the spacer bracket 42 between the end piece 40 and the body 1 4. 

As best shown in Figure 4, an adjustment rod 74 having a worm gear 76 is 
mounted in meshing engagement with each gear wheel 70 by the pair of spacer brackets 

10 42. Each adjustment rod 74 has an outer end having a head portion 78 having a slot 80 
for accepting a blade of a screwdriver for rotating the rod 74. The outer surface may be 
grooved or knurled to facilitate rotation by hand. The worm gear 76 is positioned 
between a pair of cylindrical portions 82 which are received in an aperture 83 of each of 
the respective spacer brackets 42. An annular flange or stop 84 is formed on the rod to 

1 5 abut each bracket 42 to position the head portion 78 of the rod near the outer edge 46 of 
the end piece and position the worm gear 76 in engagement with the gear 70. 

A first alternative embodiment of the adjustment mechanism is shown in Figure 5. 
A rod 86 is formed with a pair of worm gears 76 to engage a pair of gear wheels 70 to 
adjustment of a pair of reflectors simultaneously. 

20 A second preferred embodiment of the adjustment mechanism is shown in Figure 

6, in which the end pieces of the support unit are mounted directly to the body without 
brackets 42. The reflectors 38 are pivotally mounted by a mount 90 which has a flange 68 
extending from a disk 92 mounted to a shaft 94 which is formed to extend through the 
bore 96 which is formed through both the support unit 22 and the body 1 4. The end of 
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the shaft 86 may be provided with a slot 80 as above or knurled to accept a knob 1 0 1. A 
disk 98 having a collar 100 and set screw 102 is mounted to secure the shaft 86 in 
position in the bore 96. 

As shown in Figure 4a, each rotating reflector 38 is rectangular and formed of a 
5 rigid material, such as aluminum or fiberglass. It is advantageous to proportion the width 
of the reflector to range between the diameter and circumference of the lamp, for 
instance, between 2" and 4.5". The length of the reflector 38 is approximately equal to 
the length of the fluorescent bulb 12. This length can exceed 70. inches in length. At 
least one hole 1 04 is formed at each end of the reflector 38 for receiving a screw 1 06 for 

10 attachment to the flange 68 of the mount. The reflector is shown in Figure 4 with a flat 
surface. However, other surface shapes, such as concave or convex, can be used to 
provide the desired optics. As shown in Figures 7 and 8, a two surface reflector 1 1 0 or a 
three surface reflector 112 may be used. The two surface reflector 1 10 has a flat surface 
1 1 4 and a concave surface 1 1 6. However, any other shape can be provided. The surfaces 

15 may have the same shape with different coatings. The two surface reflector 1 1 0 allows 
the user the option of rotating the reflector 1 10 from flat surface 1 14 to a concave surface 
1 16 according to the illumination criteria used. 

As shown in Figures 8, 9a, 9b, and 9c, the three surface reflector 1 12 can be 
produced by combining a flat surface reflector 1 1 8 as shown in Figure 9a, a concave 

20 surface reflector 120 as shown in Figure 9b, together with a convex surface reflector 122 
as shown in Figure 9c. The reflectors are joined by fastening angled flanges 1 06 
together. 
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Although shown with two pairs of reflectors 38, three pairs or more may be 
provided. The spacing between the reflectors 38 permits an effective flow of cooling air 
to flow through the luminaire to cool the fixture. 

Referring now to Figure 10, a second preferred embodiment of the present 
5 invention is shown. In this embodiment, the invention comprises a reflector assembly 
200 which is designed to reflect light from a bulb 212 in a luminaire 210. This 
embodiment differs from the earlier embodiment in that the bulb 212 is directly 
supported by the luminaire 210 rather than by the reflector assembly 200. The reflector 
assembly 200 of this embodiment can therefore be retrofit to an existing luminaire 
10 without modifying the bulb mounting wiring and position. Alternatively, the reflector 
assembly 200 can be used as part of a new luminaire. 

The luminaire 210 has a body 214 made up of a top 216 and a pair of sides 218 
which extend between a first end 220 and a second end 221 of the luminaire 210. The 
sides 218 define an opening 222 for permitting a beam of light to be emitted. The light 
15 emitted from the luminaire is made up of two parts, a direct light beam and a reflected 
light beam. The direct light beam is formed by the light which radiates directly from the 
bulb 212 out through the opening 222. The bulb 212 radiates in other directions as well 
and it is the function of the reflector assembly 200 to reflect this light back through the 
opening 222 as a reflected light beam. The luminaire 210 supports the bulb 212 in the 
20 body 2 1 4 between the opening 222 and the top 216. The second end 22 1 of the luminaire 
210 has been removed in Figure 10 to more clearly illustrate the invention. 

The reflector assembly 200 includes a reflector support unit 224 which includes a 
first end 226 and a second end 228. The reflector support unit 224 is configured to be 
mounted within the body 214 of the luminaire 2 1 0 between the opening 222 and the top 
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216. When installed in the luminaire body 214, the first end 226 of the reflector support 
unit 224 is adjacent the first end 220 of the luminaire body 2 1 4 and the second end 228 of 
the reflector support unit 224 is adjacent the second end 221 of the luminaire body 214. 
The ends 226 and 228 of the support unit 224 are designed to be interconnected with the 
5 adjacent ends 220 and 22 1 of the luminaire body 2 1 4 so that each end 226 and 228 of the 
reflector support unit 224 is independently, vertically adjustable in a linear direction so as 
to adjust the distance between each end, 226 and 228, of the support unit 224 and the 
opening 222 of the luminaire body 214. By adjusting the distance between the reflector 
support unit 224 and the opening 222 of the luminaire body 214, the shape of the 

10 reflected light beam emitted from the luminaire 210 can be adjusted as was shown in 
Figures 3a and 3b. In this embodiment, the direct light beam projecting downward from 
the bulb 212 will not be affected by repositioning the reflector support unit 224. 
However, the reflected light beam from the reflector assembly 200 will be affected by 
repositioning the support unit 224. It is also possible to mount the reflector assembly 200 

15 within the luminaire body 214 at an angle relative to the opening 222. This may be 
desirable where the application requires a non-symmetrical reflected beam of light. 

The reflector assembly 200 can be mounted within the luminaire body 2 1 4 in any 
of a number of ways as will be clear to one of skill in the art. As was discussed earlier 
and illustrated in Figure 1 , bolts 28 which engage threaded apertures 24 may be used. 

20 This approach is also illustrated in Figure 1 0 which shows the first end 226 of the support 
unit 224 being interconnected with the first end 220 of the luminaire body 2 1 4 using bolts 
28 which engage threaded apertures 24. A plurality of threaded apertures 24 may be 
provided in the ends 220 and 221 of the luminaire body 214 to allow for adjustment in 
the position of the reflector assembly 200. 
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An alternative approach is shown with the second end 228 of the support end 224. 
On this end, support brackets 229 are shown attached to the second end 228 of the 
support unit 224. The support brackets 229 can serve a variety of functions. First, the 
support brackets 229 support the second end 228 in an offset position from the second 
5 end 221 of the luminaire body 214 so as to provide clearance for an adjustment 
mechanism, such as the one discussed below. Secondly, the support brackets 229 
provide a means to interconnect the end 22 1 of the luminaire body 2 1 4 with the end 228 
of the support unit 224. Depending on the application, especially where a retrofit is 
contemplated, it may be necessary to adapt the luminaire body 214 so that the reflector 
1 0 assembly 200 can be supported therein. Support brackets 229 of various sizes and shapes 
can be used to adapt the luminaire body 214. The support brackets 229 would first be 
mounted to the inside of the end 221 of the luminaire body 214 using screws or bolts or 
other connection means. The brackets 229 would then provide a variety of attachment 
points for interconnection with the end 228 of the support unit 224 thereby allowing 
1 5 adjustment in the position of the connector assembly 200. 

Other interconnection means are also possible. For example, rivets may be used 
to interconnect the ends 226 or 228 of the support unit 224 with the ends 220 or 221 of 
the luminaire body where easy adjustment of the position of the reflector assembly 200 is 
not required. This would simply require drilling a hole through the end 226 or 228 of the 
20 support unit 224 and through the end 220 or 221 of the luminaire body 214 and using a 
rivet to interconnect the two holes. Rivets could also be used to connect a bracket 229 to 
either the luminaire body 214 or the support unit 224. Alternatively, support unit 224 
may include tabs which extend outwardly from the ends 226 and 228. The luminaire 
body 214 may include holes, or holes may be added, so that the tabs on the support unit 
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224 may engage the holes in the body 214 of the luminaire 210. Yet other 
interconnection means are also possible as will be clear to one of skill in the art. This 
includes gluing or welding the support unit 224 to the body 2 1 4 or ultrasonically welding 
the two together if they are plastic. 
5 The reflector assembly 200 also includes one or more reflectors. In the illustrated 

embodiment, the reflector assembly 200 includes a fixed center reflector 230 positioned 
directly above the bulb 212. For purposes of description, a central plane is defined as 
longitudinally bisecting the support unit 224 such that it passes through the opening 222 
of the luminaire body 214 when the support unit 224 is mounted within the luminaire 
10 body 214. The central plane longitudinally bisects the reflector support unit 224 such 
that the longitudinal axis of the bulb 212 and the longitudinal axis of the fixed center 
reflector 230 are contained within the central plane. Using the central plane as a 
reference, three reflectors are positioned on each side of the central plane. On one side of 
the central plane is a first reflector 232, a third reflector 236 and a fifth reflector 240. On 
15 the other side of the central plane, and symmetrical with the other three reflectors, 232. 
236, and 240, are a second reflector 234, a fourth reflector 238, and a sixth reflector 242. 
Alternatively, the reflector assembly 200 may include fewer or a greater number of 
reflectors. Also, the reflectors may have two or more sides as shown in Figures 7 and 8. 
The reflectors may have either a specular or diffuse surface and may be flat, concave, or 
20 convex depending on the application. 

Like in the earlier described embodiments, the reflectors 232-242 are pivotally 
mounted to the support unit 224 such that each reflector can pivot with respect to the 
support unit about its own longitudinal axis. Further, the reflectors 232-242 are 
preferably detachably mounted to the reflector support unit. A preferred approach for 
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interconnecting reflectors and the reflector support assembly 224 was discussed earlier 
and shown in Figure 4a. 

Referring back to Figures 4a and 6, details of one preferred approach to 
supporting the reflectors 232-242 is illustrated. Each end of the reflectors are mounted to 
5 a mount 62. The mount 62 includes a flange 68 for mounting an end of a reflector. The 
reflectors have holes 104 which align with holes in the flange 68 and accept screws 106 
for holding the reflectors to the mount 62. The mount 62 also includes a shaft 66 
extending from the flange 68. Referring also to Figure 1 0, the shafts 66 of the mounts 62 
pass through holes in the ends 226 and 228 of the reflector support unit 224. In this way. 
1 0 the reflectors 232-242 are supported for pivotal movement. Adjustment gear wheels are 
mounted to the mount 62 at the end of the shafts 66 opposite the flanges 68 at one end of 
the reflectors 232-242. In this way, the position of each adjustment gear wheel 
determines the pivotal position of each reflector. 

Several different adjustment mechanisms are envisioned with the ones illustrated 
15 in Figures 10, 11, and 12 being preferred. As discussed above, adjustment gear wheels 
are interconnected with the reflectors 232-242 by the mounts 62. A first adjustment gear 
wheel 244 controls the first reflector 232, a second adjustment gear wheel 246 controls 
the second reflector 234, a third adjustment gear wheel 248 controls the third reflector 
236, a fourth adjustment gear wheel 250 controls a fourth reflector 238, a fifth adjustment 
20 gear wheel 252 controls the fifth reflector 240, and a sixth adjustment gear wheel 254 
controls the sixth reflector 242. The adjustment mechanism also includes coordinating 
gears which mesh with and interconnect the adjustment gear wheels so that the 
adjustment gear wheels, and the reflectors, move in a coordinated manner. A first 
coordinating gear 256 is positioned adjacent and engages both the first and the third 
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adjustment gear wheels 244 and 248 so that the first coordinating gear 256 and the first 
and third adjustment gear wheels, 244 and 248, rotate together. Likewise, a second 
coordinating gear 258 is positioned adjacent and engages both the third adjustment gear 
wheel 248 and the fifth adjustment gear wheel 252. A third coordinating gear wheel 260 
5 and a fourth coordinating gear wheel 262 likewise engage the adjustment gear wheeis 
246, 250, 254 on the other side of the luminaire thereby coordinating their movement. 

As shown, the adjustment gear wheels 244-254 are each identical in size to each 
other. The coordinating gears 256-262 are also identical in size to each other but are 
smaller in size than the adjustment gear wheels 244-254. With this configuration, the 

1 0 first, third, and fifth, 232, 236, 240, reflectors all rotate an identical amount when any one 
of them is turned. Alternatively, the sizes of the adjustment gear wheels 244-254 and the 
coordinating gears 256-262 may be adjusted so that various reflectors turn by different 
amount. It is desired that the gear sizes be chosen such that the reflectors nearest the bulb 
rotate less than the reflectors further from the bulb. In one preferred arrangement, for a 

15 given amount of adjustment, the reflector nearest the bulb rotates half the amount of the 
reflector second from the bulb which in turn rotates half as much as the reflector 
furtherest from the bulb. For example, for a given adjustment of drive gear 266, reflector 
232 will rotate 5 degrees, reflector 236 will rotate 10 degrees, and reflector 240 will 
rotate 20 degrees. The actual ratios of the gear sizes will depend upon the desired 

20 reflection pattern and the application of the luminaire. The variation in rotation ratios for 
a given adjustment can be achieved in several ways as will be clear to one of skill in the 
art. For example, the adjustment gear wheels 244-254 may be of different diameters so 
as to achieve different amounts of rotation for the various reflectors. One particularly 
preferred embodiment of this approach is illustrated in Figure 21 . This figure adopts the 
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numbering as used on the coordinating gears and adjustment gears on the left half of the 
luminaire 210 in Figure 10. However, for ease of illustration, the gears are arranged in a 
straight line. Depending on packaging constraints, the gears may be moved out of the 
straight line configuration. In Figure 21, a knob gear 276 is connected to an adjustment 
5 knob (not shown) and has twelve teeth. Knob gear 276 drives the drive gear 264 which 
has ten teeth. It in turn drives the sixth adjustment gear wheel 254 having twenty teeth 
which in turn drives the fourth coordinating gear 262 having ten teeth, which drives the 
fourth adjustment gear wheel 250 having twelve teeth, which in turn drives the third 
coordinating gear 260 having ten teeth, which in turn drives the second adjustment gear 

1 0 wheel 246 having ten teeth. Obviously, reflectors attached to the adjustment gear wheels 
254, 250, 246 rotate by differing amounts when the knob gear 276 is rotated. By varying 
the diameter and number of teeth on the adjustment gear wheels 254, 250, 246, the 
rotation ratios may be selected. Alternatively, the coordinating gears may have different 
gear ratios on each of their sides so that the adjustment gear wheels which mesh with the 

1 5 coordinating gear turn by different amounts depending on which side of the coordinating 
gear engages them. This may be achieved by forming the coordinating gear as two half- 
gears of different diameters as shown in Figure 22. In Figure 22, a left adjustment gear 
wheel 280 and a right adjustment gear wheel 282 both mesh with an intermediate 
coordinating gear 284 positioned therebetween. As shown, the intermediate coordinating 

20 gear 284 has a large diameter portion 286 and a small diameter portion 288 as if the 
intermediate coordinating gear 284 is formed with pieces of a large diameter gear and a 
small diameter gear. The intermediate coordinating gear 284 is arranged such that the 
large diameter portion 286 meshes with the left adjustment gear wheel 280 while the 
small diameter portion 288 meshes with the right adjustment gear wheel 282. Therefore, 
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for a given rotation of the left adjustment gear wheel 280, the right adjustment gear wheel 
282 rotates by a lesser amount but in the same direction as the left adjustment gear wheel 
280. Alternatively, the coordinating gears may be made up of a pair of stacked gears 
with one of the stacked gears engaging one adjustment gear wheel and the other stacked 
5 gear engaging the other adjustment gear wheel. Obviously, these various approaches to 
varying the rotation ratios may also be combined to provide further flexibility. 

Also shown in Figures 10 and 1 1, are drive gears 264 and 266 which engage the 
outermost adjustment gear wheels 252 and 254 respectively. These drive gears are used 
to adjust the entire adjustment mechanism. For example, the drive gears 264 and 266 

1 0 may be accessed from below the luminaire 2 1 0 and rotated thereby adjusting the position 
of the reflectors 232-242. The drive gears 264 and 266 are each connected to a knob 265, 
267 similar to the one shown in Figure 6 at 1 0 1. A shaft extends from each of the drive 
gears 264, 266 through the end 228 of the support unit 224 and each has the knob 265, 
267 mounted on the inside of the second end 228 of the support unit 224. This allows 

15 adjustment of the position of the reflectors 232-242 from inside the luminaire opening 
222. A spring may be positioned under the knob to lock the mechanism to avoid 
movement. Other locking means may also be used. 

Referring now to Figure 12, the worm drive adjuster 268 is substituted for the 
drive gears 264 and 266. The worm drive adjuster comprises a vertical shaft 270 with a 

20 knob 272 on one end and a worm drive gear 274 on its other end. The worm drive gear 
274 engages adjustment gear wheel 254 so that the position of the reflectors may be 
adjusted by rotating knob 272. A second worm drive adjuster may be included on the 
other side of the reflector support unit to adjust the reflectors on the other side or 
additional gears may be added so as to interconnect the adjustment gear wheels on each 
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side of the reflector support unit. Alternatively, a longer shaft with several worm drive 
gears may be used to engage several adjustment gear wheels similar to the approach 
shown in Figure 5. As will be clear to one of skill in the art, many other variations on the 
adjustment mechanism are possible. For example, the adjustment gear wheels may 
5 include stops which prevent their rotation beyond a certain position so that the end user 
of the reflector assembly 200 cannot adjust the reflectors beyond their operating range. 

Referring now to Figures 15 and 16, the effect of reflector positioning is 
illustrated. In Figure 15, light is shown radiating from a fluorescent bulb 212 and being 
reflected from the first, third, and fifth reflectors, 232, 236, 240. The reflectors each have 

1 0 their longitudinal axis located in a plane A which is defined as a first reflector plane. The 
central plane, discussed earlier, is shown as a vertical line containing the longitudinal axis 
of the fluorescent bulb 212 and is marked as B. The first reflector plane and the central 
plane B intersect to define a line which is parallel to the longitudinal axes of the 
reflectors 232, 236 and 240. The angle formed between the central plane B and the first 

15 reflector plane A is defined as a first mounting angle and is illustrated in Figure 1 5 as 0] . 
Referring now to Figure 16, the reflectors 232, 236 and 240 are once again shown 
reflecting light emanating from the fluorescent bulb 212. However, in this case, the first 
reflector plane A is repositioned so that first mounting angle 0 2 is much larger than first 
mounting angle 0i in Figure 1 5. As shown in the figures, the direction and the width of 

20 reflected beams are changed. Beam C in Figure 15 and beam D in Figure 16 illustrate 
only that portion of the reflected light beam which is reflected from the fifth reflector 
240. In Figure 15, with a narrow first mounting angle Q u the reflected beam C is narrow 
and reflected almost vertically so that it will illuminate an area near to the central plane 
B. In Figure 16, the light beam D reflected from the reflector 240 positioned at a wide 
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first mounting angle 0 2 is wider than the beam C and is directed outwardly away from the 
central plane B. By changing the mounting angle of the reflector assembly of the present 
invention, the total width of the reflected beams from the reflector assembly can be 
limited or expanded. 

5 It should be noted that reflector 240 is positioned such that the reflective surface 

lies in the first reflector plane A and it is assumed that a flat reflective surface is used. If 
the reflector 240 were rotated counterclockwise, it would no longer intercept as much 
light from the bulb with some light passing behind the reflector and not being reflected 
through the opening. Therefore, the position shown for reflector 240 is the furthest 

1 0 counterclockwise position for efficient reflection of light. Also, the distance of beam C 
from the central plane B is the furthest from the central plane B that light can be reflected 
using a flat reflective surface lying in the reflector plane A. 

As can be seen, the first mounting angle 0, or 0 2 controls how wide a beam of 
light can be reflected from the reflector located on the first reflector plane. Therefore, a 

15 reflector assembly with a narrow mounting angle such as 9i in Figure 15 would be 
limited in how wide of a reflected beam C it can create. A reflector assembly with a wide 
mounting angle such as 0 2 in Figure 16 will be able to reflect light in a much wider beam 
and much further from the central plane B. Depending on the application, different 
mounting angles are desirable as will be clear to one of skill in the art. Generally, the 
20 mounting angle should not be less than 20 degrees or greater than 90 degrees. Also, the 
reflectors 234, 238, and 242 on the other side of the central plane B are preferably 
positioned in a second reflector plane which intersects the central plane at a second 
mounting angle. This second mounting angle may be the same as the first mounting 
angle or a different angle depending on the application. 
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Referring now to Figures 17-20, a variety of light reflection patterns are shown 
indicating a variety of patterns which can be created by repositioning the six reflectors 
232-242 in the reflector assembly. In Figure 17, the reflectors 232-242 are positioned 
such that the reflected beam created by each of the six reflectors is focused on the area 
5 directly below the bulb 212. The light reflected from each of the six reflectors also 
overlaps. This greatly increases the amount of light available in the area directly below 
the bulb 212. Depending on the configuration, the illumination reflected from each of the 
reflectors 232-242 is approximately equal to the illumination created by the light 
radiating directly from the bulb 212. Therefore, by focusing beams created by each of 

1 0 the reflectors 232-242 on the area below the bulb 212, the illumination available directly 
below the bulb 212 is substantially increased. The pattern created by the reflectors 
shown in Figure 17 is called a center weighted, focused distribution of light and is 
particularly useful where a great deal of illumination is needed in a small area. 

In Figure 1 8, the reflectors 232-242 are shown positioned such that the reflected 

1 5 beams of light are more spread out than they were for the position shown in Figure 1 7. 
Once again, the reflected light beams overlap. In this case they are more spread out to 
form a wider area of increased illumination. This pattern is called a laterally centered 
distribution of light and is particularly useful where increased illumination is needed in a 
somewhat larger area than is required for the pattern shown in Figure 17. 

20 Figure 19 shows the reflectors 232-242 positioned such that reflected beams of 

light are spread out much wider than previously illustrated and the reflected light beams 
do not significantly overlap. This is a pattern that would be created with the reflective 
surfaces of the reflectors 232-242 on each side of the bulb 212 positioned in planes much 
as was shown in Figures 15 and 16. As can be seen, the reflected beams do not 
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illuminate the area directly below the bulb 212. This pattern is called a fanned 
distribution of light and may be useful where a very wide distribution of light is desired 
or where the area directly below the bulb 212 does not require additional illumination. 
Figure 20 shows reflectors 232-242 positioned such that the reflected beams of 
5 light are spread even more widely than the pattern shown in Figure 19. As explained 
earlier, this positioning allows some light to escape interception by the reflectors and pass 
behind them. However, this pattern allows for a very wide distribution of light. 
Depending on the positioning of the individual reflectors, the reflected light beams may 
overlap so as to create areas of more intense illumination. This pattern is called a 

10 laterally fanned distribution of light and is particularly useful where the area below the 
bulb 212 does not require additional illumination such as if a luminaire is positioned 
directly above a partition wall. 

As will be clear to one of skill in the art, other light patterns may be created by 
repositioning the reflectors. Also, the above discussed patterns may be combined such 

15 that reflectors on one side of the bulb 212 focus light beneath the bulb while the 
reflectors on the other side of the bulb reflect light away from the location beneath the 
bulb 212. This may be desirable where the illumination needs are not symmetrical with 
respect to a luminaire. It should also be noted that the patterns shown in Figures 1 7-20 
do not illustrate the light beam directly emitted from the bulb, earlier defined as a direct 

20 light beam. The illustrated reflected light beams serve to reinforce the illumination 
provided by the direct light beam. Therefore, while the direct light beam will tend to 
provide a uniform level of illumination, the reflected light beams can be used to provide 
areas of increased illumination where needed. 
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Referring now to Figures 23-25, another aspect of the present invention will be 
discussed. According to this aspect of the present invention, a modular luminaire 300 is 
shown. The luminaire 300 includes a first, or master, module 302 that defines a first end 
of the luminaire 300, a second, or slave, module 304 that defines a second end of the 
5 luminaire 300 and an upper luminaire shell 306 that extends between and interconnects 
the master module 302 and the slave module 304, and also defines the sides and top of 
the luminaire 300. 

The construction of the master module 302 may be best seen in Figure 24. The 
module 302 includes a housing 308 which has an inward surface 310 and an opposed 

10 outward surface 312 defining a cavity 313 therebetween. The module also has a bulb 
holder 314 designed to accept one end of a fluorescent bulb 316, part of which is shown 
in Figure 23. Alternatively, the housing may have a bulb holder designed to hold a non- 
fluorescent bulb or a fluorescent bulb with a different design. As with previous 
embodiments of the present invention, the luminaire 300 is designed to have a plurality of 

15 adjustable reflectors 318, as shown in Figure 23. If a central plane B is defined so that it 
passes through the center of the bulb holder 3 1 4 and bisects the housing 308 side to side, 
the reflectors 3 1 8 are arranged generally symmetrically about its central plane and above 
the bulb holder 3 1 4 so that light coming from a bulb 3 1 6 is reflected from the plurality of 
reflectors 318 and downwardly so as to illuminate a surface. Also located on the central 
20 plane is a stationary V-shaped reflector 320 that is positioned above the bulb 316 for 
reflecting light to the adjustable reflectors 316 as well out through the bottom of the 
luminaire 300. The central V-shaped reflector 320 is supported by a V-shaped support 
322 on the inward surface 310 of the housing 308. 
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Referring to Figure 24, the adjustable reflectors 318 are each supported by 
rotatabiy adjustable reflector holders 324. These reflector holders 324 extend outwardly 
from within the housing 308, as shown in the cutaway portion on the right hand side of 
Figure 24. Within the housing, is a system of gears that coordinate movement of the 
5 reflector holders 324. This system of gears, along with an adjustable knob 326 form a 
system for adjusting the position of the reflector holders 324. The system includes the 
adjustment knob 326, three intermediate gears 328 and the reflector holders 324 which 
have adjustment gears 325 mounted at their bases. As shown, the adjustment knob 326 
adjusts the reflector holders 324 on the right hand side of the module 302. The second 

1 0 adjustment knob 330 is provided on the left hand side of the module 302 for adjusting the 
reflector holders 324 on the left hand side. On the left hand side of the drawing, the 
internal gear system is hidden by the inward surface 310 of the housing 308. As will be 
clear to those of skill in the art, the gearing system for adjusting the adjustable reflector 
holders 324 may be modified in various ways so as to change how the reflectors move 

1 5 relative to one another, as has been explained with respect to earlier embodiments of the 
present invention. 

Referring now to Figure 25, the slave module 304 will be described in more 
detail. The slave module 304 is similar to the master module 302 but differs in that it 
lacks an adjustment system for adjusting the position of the reflector holders. The slave 
20 module 304 includes a housing 332 and six adjustable reflector holders 334 that are 
supported by the housing 332. The right side of Figure 25 is cutaway to show the inside 
of the housing 332. As shown, the adjustable reflector holders 334 are not interconnected 
by a gear system, but rather are free to turn. However, to reduce complexity, the holders 
334 may be a common part with the holders 324. The slave module 304 is designed to 
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be used with the master module 302 as shown in Figure 23. The reflectors 318 
interconnect the adjustable reflector holders 324 on the master module 302 and the 
reflector holders 334 on the slave module 304. Depending on the design of the luminaire 
300, the reflectors 318 are stiff enough that, when they are rotatably adjusted by the 
5 master module 302, the reflector holders 334 on the slave module 304 also turn. That is, 
a user adjusts the adjustment knobs 330 and 326 on the master module, which in turn 
adjusts the rotational position of the reflector holders 324, causing the position of the 
reflectors 318 to be adjusted. The reflector holders 334 in the slave module 304 just 
support the other end of the reflectors 3 1 8 and allow them to rotate freely. As will be 

1 0 clear to those of skill in the art, some embodiments of a luminaire using the modules may 
require the use of two master modules 302 rather than a master module and a slave 
module 304. That is, if the luminaire is very long, adjusting only a single end of the very 
long reflectors 318 may cause them to twist. Therefore it may be necessary to provide 
adjustment at both ends so that each end of each reflector may be rotated an equal 

1 5 amount to prevent a twisting. 

Referring again to Figure 25, the internal structure of the central portion of the 
module is shown because the inward surface is cutaway. As shown, a portion of the bulb 
holder is disposed within the housing and has a rotational support 336 into which the end 
of the bulb is inserted and twisted. Conducting leads 338 then interconnect the contacts 

20 on the bulb with wiring holes 340, as shown in Figure 24. Wires may be run above the 
central reflector 320 from one end of the luminaire to the other by interconnecting the 
wiring holes 340. In this way, power can be run from one end to the other. 

Referring now to each of Figures 23-25, assembly of the luminaire 300 will be 
discussed. As shown in Figure 23, a luminaire shell 306 interconnects the two modules 
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302 and 304. In Figure 24, the master module 302 has a groove or slot 342 that follows 
the upper perimeter of the housing 308. The slave module 304 in Figure 25 has a similar 
groove or slot 344 following its upper perimeter. The ends of the upper shell 306 are 
inserted into these two grooves, connected using any of a variety of mechanical 
5 interconnection methods, or adhesively attached. The central reflector 320 and adjustable 
reflectors 318 may then be attached to form a complete luminaire. In this way, a 
luminaire 300 is easily assembled and may be formed with any of a variety of lengths by 
changing the length of the shell 306 and the reflectors 3 1 8 and 320. As shown in Figure 
23, the outward surface 346 of the slave module 304 is smooth to give a finished 
1 0 appearance. 

Referring now to Figure 26, another embodiment of a modular luminaire system 
is illustrated. In this embodiment, modules are provided that mount within an existing 
housing or frame within a ceiling of a building so as to provide the benefits of the present 
adjustable reflector system. As shown, a ceiling 350, such as within an office building, 

15 has a recessed housing or frame 352 for a lighting fixture. According to the present 
invention, a master module 354 and a slave module 356 are provided which will mount 
within the housing or frame 352. These modules 354 and 356 are identical to the 
previously discussed modules except that their outward surfaces 358 include a variety of 
mounting devices for interconnecting each of the modules 354 and 356 with the housing 

20 352. For example, the outward surface 358 of the slave modules 356 is shown to have 
two attachment holes 360 as well as several attachment pegs 362. 

The pegs 362 may be provided and used where the housing has slots or holes 
which they may engage. Alternatively, the holes 3 1 6 may be used with mounting studs 
or screws. The modules 354 and 356 may be adjustably mounted within the housing 352 
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or may be placed in a stationary position. As discussed earlier in this application, the 
pattern of light reflected out of the luminaire can be changed by moving the reflector 
system upwardly and downwardly relative to the opening in the ceiling 350. If this is 
desired, the modules 354 and 356 may be adjustably mounted, such as by providing slots 
5 to engage the posts 362. 

As will be clear to those of skill in the art, many of the parts within the modules 
are interchangeable therebetween so as to reduce complexity. Also, a single module may 
be provided that can either be mounted within a luminaire frame, as in Figure 26 or, 
alternatively, be mounted to the end of a luminaire shell, as in Figure 23. In the 
10 illustrated embodiment, the difference between a module designed to connect to a 
luminaire shell and one designed to connect to a luminaire frame are the slots for 
engaging the shell and the connectors on the outward surface of the module. In one 
preferred construction of the module, the outward surface is a molded piece of plastic and 
the inward surface is a second piece of molded plastic that is snapped together when the 
1 5 module is assembled. The piece of plastic forming the outward surface is designed such 
that it extends beyond the piece of plastic forming the inward surface so as to define the 
slot or groove that engages the luminaire shell. Alternatively, this outward piece of 
plastic can extend just to the limits of the inward piece of plastic and include mounting 
devices such as holes and pegs. In this way, only the outward piece of plastic need be 
20 changed to change the module from one design to mount to a shell to one design to 
mount to a frame. Alternatively, the same module may be used for either application. 

One advantage to the modules of the previous figures is that they may be 
combined in various ways so as to provide larger or smaller luminaire arrangements. For 
example, in Figure 27, it is shown that a single module with three reflectors on each side 
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of the bulb, as shown at 366, may be used alone to provide a single width luminaire. This 
is shown at the top of Figure 27. Below this in Figure 27, a pair of identical modules 366 
are shown side by side to illustrate that a pair of modules may be installed side by side in 
a larger housing to provide a large luminaire. Likewise, three and four luminaires are 
5 shown side by side in the bottom two rows of Figure 27. In this way, a very large 
luminaire may be provided while still providing the benefits of adjustable reflector 
systems. 

Referring now to Figure 28, a smaller module 368 with two reflectors on each 
side of the bulb is shown. As with Figure 27, a single module 368 or multiple modules 
10 may be provided so as to provide a luminaire of different sizes. 

Referring now to Figure 29, a symmetrical module 370 is shown with three 
reflectors on one side of the bulb and two on the other side of the bulb. A mirror image 
symmetrical module 372 may also be provided with two reflectors on one side and three 
reflectors on the other. By combining these modules 370 and 372, as shown in the first 
15 row of Figure 29, a larger luminaire may be created. As shown in the second row of 
Figure 29, a 2+2 module 368 may be combined with the asymmetrical modules 370 and 
372 to provide a larger luminaire. Or, as in the third row, two 2+2 modules 368 may be 
provided in between the asymmetrical modules 370 and 372. 

Referring now to Figure 30, a dual lamp module 374 is shown. This module 
20 differs from the prior modules in that it has two lamp holders 3 76 with reflectors between 
the lamps and to the outside. A total of four adjustment knobs are provided. A second 
dual lamp module 374 is also shown to illustrate that two modules may be combined to 
provide a very large luminaire. 
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Referring now to Figure 31, the two lamp module 374 of Figure 30 is shown at 
the bottom. At the top, a different two lamp module 376 is shown. This module 376 is 
an industrial version that, similar to the modules of Figures 24 and 25, is designed to 
form one end of a lurninaire and includes a slot 378 to engage an upper shell. A 
5 lurninaire assembled with a pair of the industrial modules 376 is shown in Figures 32-34. 
In these figures, two modules 376 and 378 are interconnected by an upper shell 380 to 
form a complete lurninaire. It should be noted that these modules include ballast 
connectors 382 for connecting a ballast directly to the module. The earlier modules may 
also be provided with ballast connectors. 

10 Referring now to Figure 35, a further aspect of the present invention will be 

described. As previously discussed, the use of adjustable reflectors as part of a lurninaire 
allows for increased efficiency and flexibility of a lighting system. In many situations, 
luminaires are mounted such that adjustment of the adjustable reflectors that form a 
portion of the present invention is difficult or impossible. For example, the luminaires 

15 may be mounted in a very high ceiling or in a position such that they are not easily 
reached even with a ladder. Also, the persons who may wish to adjust a lurninaire, such 
as workers in the area illuminated by the luminaires, may not have access to equipment 
sufficient to allow them to climb to the lurninaire to make manual adjustments. 
According to a further aspect of the present invention, an electromechanical drive is 

20 provided for automatically rotating the reflectors, thereby avoiding the necessity of 
manually adjusting gears or knobs. 

Referring to Figure 35, a lurninaire module according to the present invention is 
generally shown at 400. This module is similar to the earlier discussed modules and 
includes a plurality of reflector mounts which are interconnected by a series of 
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adjustment gears. However, in this embodiment, a rotary adjuster drive 402 is mounted 
in each side of the module and intermeshed with the remaining adjustment gears so that 
the drive 402 may adjust reflector positions. As will be clear to those of skill in the art, 
the rotary adjuster drives 402 may be of a variety of types such as electromechanical, 
5 rotary shaft decoders, servo drives, or others. These drives, 402, when energized, are 
operable to rotate the adjuster gears in either a clockwise or counterclockwise direction. 
The drives 402 include some type of electrical motor which interconnects with the power 
supply of the luminaire module 400. According to the present invention, rotary adjuster 
drives may be provided for use with any of the previously discussed embodiments of the 

10 present invention. This includes the modular luminaires as well as the non-modular 
luminaires. The central processing unit 404 may be connected to a single luminaire or 
any number of luminaires so as to control a plurality of aspects of a lighting scheme. 

The provision of the rotary adjuster drives 402 provides for an additional aspect 
of the present invention. Once the reflectors are electrically driven, direct access to 

15 individual luminaires is no longer required. Instead, remote control devices may be 
provided for controlling the positions of the luminaire reflectors from a distance. These 
remote controls may be hard-wired or wirelessly in communication with the rotary 
adjuster drives. For example, reflector position controls may be provided near lighting 
controls in a building so that occupants of the building may adjust the illumination 

20 pattern from a central control point. As will be clear to those of skill in the art, the 
controls may control individual luminaire reflector banks or may control multiple 
luminaires at the same time. 

Referring now to Figure 36, a schematic of a control system for a luminaire 
having a rotary adjuster drive 402 is shown. In this embodiment, one or more rotary 
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adjuster drives 402 are interconnected with a central processing unit 404. This 
interconnection between the drive 402 and the central processing unit 404 may be any 
type of wired or wireless system. The central processing unit 404 is operable to control 
the motion and/or position of the rotary drive 402. For example, the rotary drive 402 
5 may be an encoder such that it moves to a predetermined position in response to a signal 
from the CPU. Alternatively, the drive 402 may be a simple drive that is not position 
sensitive. Instead, the CPU may include control circuitry allowing it to position the drive 
and the reflectors in the luminaire in a particular position based on approaches known to 
those of skill in the art. For example, the CPU may drive the rotary drive to one extreme 

1 0 of its motion to "zero" the position and then drive the drive 402 in the opposite direction 
for a predetermined time in order to place the reflectors in a known position. 
Alternatively, other types of feedback systems may be used. The central processing unit 
may also be programmed or include a pre-programmed lighting schemes so that a user 
may select certain program schemes, such as security lighting, maximum illumination, or 

15 task lighting. The centra] processing unit may also communicate with other types of 
lighting devices such as individual desk lamps and various incandescent lamps 
throughout a building, such as exit and safety lighting. 

According to a preferred additional aspect of the present invention, a dimmable 
ballast 406 is provided and is controlled by the central processing unit 404. In this way, 

20 reflector position as well as illumination level may be controlled by the central 
processing unit. A communications interface 406 communicates with the central 
processing unit. The communication interface communicates with a remote control using 
any of a variety of communication mediums 408. For example, a communications 
interface may be wired to a central control box allowing a user to control luminaire 
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illumination level and lighting patterns. Alternatively, infrared transmission devices may 
be used so that a hand-held infrared remote may be used to control illumination and/or 
lighting patterns. Other examples of communication mediums include serial or parallel 
cable transmission systems, fiber optics cables, radio transmission systems, hand-held 
5 controllers with one- or two-way transmission capability, and electrical power line 
transmissions. Other communication mediums will be apparent to those of skill in the 
art. 

As a further extension of the present invention, a variety of sensors may 
communicate with a central processing unit for more complete or flexible control of the 

1 0 luminaires connected thereto. A photosensor 4 1 0 and a motion detector 4 1 2 are shown in 
Figure 36 in communication with a central processing unit 404. These sensors 4 1 0 and 
412 are merely illustrative of the type of sensors which may communicate with the 
central processing unit. For example, a photosensor may be provided on a remote control 
unit, such as a hand-held infrared control device, so that the central processing unit 

1 5 receives feedback from the remote control concerning illumination level at the position of 
the remote control. In this way, the user may position the remote control where a 
particular level of illumination is required. The user may then press a ''set illumination" 
button causing the CPU to adjust the various luminaires in the area until the desired 
illumination level is met. This process may be repeated for a variety of locations in order 

20 to obtain a desired overall illumination level. Alternatively, a variety of photosensors 
may be provided in order to provide more information to the central processing unit 404. 
Alternatively, the photosensors may be permanently positioned in various locations so 
that the central processing unit may monitor illumination levels over time and thereby 
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determine when certain bulbs require illumination or when luminaires are not responding 
to adjustment commands. 

A motion detector 412 may be useful in a variety of ways. For example, motion 
detectors may be provided in various locations within an office so that the central 

5 processing unit may easily determine whether workers are present in the office space. As 
a further example, sensors may be provided for detecting the presence of human workers, 
such as heat detectors for sensing the presence of bodies. Various sensors may be 
combined so as to allow illumination to "follow" a worker as they proceed with their 
daily activities. This will also provide illumination to follow a security guard as the 

10 guard makes his rounds after hours. Other uses will be apparent to those of skill in the 
art. As will be clear to those of skill in the art, a luminaire control system according to 
the present invention may be interconnected with or networked with other building 
systems so that the luminaire system cooperates with the security system, air conditioning 
system, and various safety systems. This is especially beneficial as part of an intelligent 

15 building control system. As just one illustrative example, a central control system may 
control various systems in response to individualized work schedules such that 
illumination is only provided in a particular person's work area during their normal 
working hours, or in response to their arrival as sensed by a building security system. 

As a further aspect of the present invention, other aspects of a luminaire 

20 according to the present invention may be motorized and remotely controlled. For 
example, the luminaire of Figure 1 includes the ability to adjust the position of a support 
unit with respect to a luminaire housing, in part to control cut off angles of illumination. 
As will be clear to those of skill in the art, this adjustability may be motorized in a variety 
of ways, such as linear drives, so that position of the supporting unit may be remotely 
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adjusted. This would include individually adjusting the two ends of the support unit so as 
to change illumination angles. Also, as previously discussed, different types of reflecting 
surfaces may be provided on various sides of a multi-sided reflector. The actuator drive 
may be operable to rotate these multi-sided reflectors to various positions such that 
5 different reflector surfaces are in use. This provides additional control over illumination 
patterns. As a further alternative, the gear system shown in some embodiments may be 
eliminated and actuator drives provided for each individual reflector. This allows for 
complete adjustability. 

While there have been described what are present to be the preferred 
10 embodiments of the invention, it will be understood that various modifications may be 
made therein and the invention is intended to cover in the independent claims all such 
modifications as fall within the true spirit and scope of the invention. 

I claim: 
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1 . A module for mounting to a luminaire frame to form a luminaire assembly 
2 in cooperation with a second module, the luminaire frame of the type having a pair of 

spaced apart ends and an opening for permitting a beam of light to be emitted from the 
4 frame, said module comprising: 

a housing having a cavity defined therein, said housing being configured for 
6 mounting to one of the ends of the luminaire frame; 

at least one bulb holder supported by said housing; 
8 a plurality of rotatably adjustable reflector holders supported by said housing, said 

holders each being configured to engage an end of an elongated reflector; and 
10 at least one geared reflector adjustor for adjusting the rotational position of at 

least one of said plurality of reflector holders, said reflector adjustor being at least 
12 partially disposed in said cavity. 

2. The module according to claim 1, wherein said reflector holders are 
2 disposed symmetrically about a central plane which bisects said module and passes 

through said bulb holder. 

3 . The module according to claim 1 , further comprising a stationary reflector 
2 holder supported by said housing. 

4. The module according to claim 1, wherein said housing includes an 
2 electrical connector. 
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5. The module according to claim 4, further comprising an electrical 
2 conductor interconnecting said electrical connector with said bulb holder. 

6. The module according to claim 1 , further comprising a ballast connector 
2 for connecting a ballast to said module. 

7. The module according to claim 1 , wherein said geared reflector adjustor 
2 comprises an adjustment knob for adjusting the rotational position of at least one of said 

reflector holders. 

8. The module according to claim 1, wherein said plurality of reflector 
2 holders comprises at least a first and a second reflector holder, said reflector adjustor 

comprising a first adjustment gear mounted to said first reflector holder, a second 
4 reflector gear mounted to said second reflector holder, and an intermediate gear engaging 
said first and said second reflector gears for coordinating their rotational movement. 

9. A module for forming a luminaire assembly in cooperation with a second 
2 module and a luminaire shell which extends therebetween, the luminaire shell having 

ends, said module comprising: 
4 a housing having a cavity defined therein, said housing further having a slot 

configured to engage an end of the luminaire shell; 
6 at least one bulb holder supported by said housing; 

a plurality of rotatably adjustable reflector holders supported by said housing, said 
8 holders each being configured to engage an end of an elongated reflector; and 
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at least one geared reflector adjustor for adjusting the rotational position of at 
10 least one of said plurality of reflector holders, said reflector adjustor being at least 
partially disposed in said cavity. 



10. The module according to claim 9, wherein said reflector holders are 
2 disposed symmetrically about a central plane which bisects said module and passes 
through said bulb holder. 



1 1 . The module according to claim 9, further comprising a stationary reflector 
2 holder supported by said housing. 



12. The module according to claim 9, wherein said housing includes an 
2 electrical connector. 



13. The module according to claim 12, further comprising an electrical 
2 conductor interconnecting said electrical connector with said bulb holder. 



14. The module according to claim 9, further comprising a ballast connector 
2 for connecting a ballast to said module. 



15. The module according to claim 9, wherein said geared reflector adjustor 
2 comprises an adjustment knob for adjusting the rotational position of at least one of said 
reflector holders. 
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16. The module according to claim 9, wherein said plurality of reflector 
2 holders comprises at least a first and a second reflector holder, said reflector adjustor 

comprising a first adjustment gear mounted to said first reflector holder, a second 
4 reflector gear mounted to said second reflector holder, and an intermediate gear engaging 
said first and said second reflector gears for coordinating their rotational movement. 

1 7. A modular luminaire comprising: 

2 an elongated luminaire shell having a first end and a second end; 

a first module comprising; 
4 a housing having a cavity defined therein and a slot configured to engage one of 

said ends of said luminaire shell; 
6 at least one bulb holder supported by said housing; 

a plurality of rotatably adjustable reflector holders supported by said housing; and 
8 at least one geared reflector adjustor for adjusting the rotational position of at 

least one of said plurality of reflector holders, said reflector adjustor being at least 
1 0 partially disposed in said cavity; 

a second module comprising; 
12 a housing having a slot configured to engage one of said ends of said luminaire 

shell; 

14 at least one bulb holder supported by said housing; and 

a plurality of rotatably adjustable reflector holders supported by said housing; 

16 a plurality of elongated reflectors each having first ends and second ends; 

said first module being attached to said first end of said shell with said first end of 

18 said shell being disposed in said slot in said housing in said first module; 
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said second module being attached to said second end of said shell with said 
20 second end of said shell being disposed in said slot in said housing in said second 
module; and 

22 said reflectors each having their first ends attached to one of said reflector holders 

on said first module and their second ends attached to one of said reflector holders on 
24 said second module; 

whereby a luminaire assembly is formed. 

18. A luminaire comprising: 
2 a housing; 

at least one bulb connector disposed in said housing; 
4 at least one adjustable reflector for reflecting illumination from a bulb 

interconnected with the bulb holder; 
6 an adjuster drive operable to adjust the position of the adjustable reflector; and 

a remote control system operable to remotely control said actuator drive so that 
8 the position of the reflector may be controlled from a remote location. 

19. A luminaire module comprising: 

2 a housing having a cavity defined therein; 

at least one bulb holder supported by said housing; 
4 at least one rotatably adjustable reflector holder supported by said housing, said 

holder being configured to engage an end of an elongated reflector; 
6 an adjuster drive operable to adjust the rotatable position of the reflector holder; 

and 
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8 a remote control system operable to control said adjuster drive such that the 

position of the reflector holder may be controlled from a remote position. 

20. A remote control illumination system comprising: 
2 a luminaire having at least one movable component; 

an adjustor drive operable to move said movable component to a plurality of 
4 positions; and 

a remote control system operable to control said adjustor drive so as to selectively 
6 move said movable component to one of said plurality of positions. 

21. The remote control illumination system according to claim 20, wherein 
2 said remote control system includes a central processing unit operable to control said 

adjustor drive. 

22. The remote control illumination system according to claim 21, further 
2 comprising a photo sensor in communication with said central processing unit. 

23. The remote control illumination system according to claim 20, further 
2 comprising a dimmable ballast, said remote control system operable to control said 

dimmable ballast. 

24. The remote control illumination system according to claim 20, wherein 
2 said remote control system comprises a wireless control system comprising a wireless 
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control device and a central processing unit operable to wirelessly communicate with said 
4 control device and to control said adjustor drive. 
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NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371 IN THE UNITED 
STATES DESIGNATED/ELECTED OFFICE (DO/EO/US) 

The following items have been submitted by the applicant or the !B to the United States Patent and Trademark 
Office as an Elected Office (37 CFR 1 .495): 

• U.S. Basic National Fees 
% Copy of IPE Report 

• Copy of references cited in ISR 

• Copy of the International Application 

• Copy of the International Search Report 

• Oath or Declaration 

• Preliminary Amendments 



The following items MUST be furnished within the period set forth below in order to complete the requirements for 
acceptance under 35 U.S.C. 371: 



• Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application 
by the International application number and international filing date. The current oath or declaration does 
not comply with 37 CFR 1.497(a) and (b) in that it: 

■ is not executed in accordance with either 37 CFR 1 .66 or 37 CFR 1 .68. 

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTH FROM THE DATE 
OF THIS NOTICE OR BY 22 or 32 MONTHS (where 37 CFR 1.495 applies) FROM THE PRIORITY DATE FOR 
THE APPLICATION, WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN 
ABANDONMENT. 

The time period set above may be extended by filing a petition and fee for extension of time under the provisions 



of 37 CFR 1.136(a). 



Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5) 
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Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 

first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 

which a patent is sought on the invention entitled 

LUMINAIRE MODULE HAVING MULTIPLE ROTATABLY ADJUSTABLE REFLECTORS 

the specification of which 

(check one) 

□ is attached hereto. 

E_3 was filed on March 22, 2002 as United States Application No. or PCT International 

Application Number 10/088,959 

and was amended on 

t 1 _______________ 

(if applicable) 

I -hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 



PCT/US00/40760 PCT 28 August 2000 rj 

(Number) (Country) ( Day/Month /Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 

. □ 



(Number) (Country) (Day/Month/Year Filed) 
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1 hereby claim the benefit under 35 U.S.C. Section 119(e). of any United States provisional 
application(s) listed below: 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 

,| hereby claim the benefit under 35 U. S. C. Section 120 of any United States application's), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
jnsofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1:56 which became available between the filing date of the prior application and the national 
or PCT International filing date of this application: 



• 


(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 




(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 




(Application Serial No.) 


(Filing Date) 


(Status) 

(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1 001 of Title 1 8 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 



Ernest I. Gifford (Reg. No. 20,644) 
Allen M. Krass (Reg. No. 18,277) 
Irvin L. Groh (Reg. No. 17^505) 
Douglas W. Sprinkle (Reg. No. 37,394) 
Thomas E. Anderson (Reg. No. 31,318) 
Ronald W. Citkowski (Reg. No. 3^005) 
Judith M. Riley (Reg. No. 31,561) 
Douglas J. McEvoy (Reg. No. 34,385) 
Ellen S. Cogen (Reg. No. J38JM) 
John G. Posa (Reg. No. 32,424) 
j Douglas L. Wathen (Reg. No v 37,424) 



Avery N. Goldstein (Reg. No. 39^20.4) 
Mark D. Schneider (Reg. No.A£,9M±, 
Beverly M. Bunting (Reg. No. 36,012) 
Julie K. Staple (Reg. No. 50y434) 
Lionel D. Anderson (Reg. No. SOjSTl)^ 



Send Correspondence to: Douglas L. Wathen 

GifToi^ Krass, jGrqji, Sprin kle,Anderson & Citkowski, PC 
280 N. Q ld Wood ward A^v e^Suite 400 

Birmingham, MI 48009 ^_ 

Direct Telephone Calls to: (name and telephone number) 
Douglas L. Wathen (734) 913-9300 



Full name of sole or first inventor 
Leon A. Lassovsky — 




Citizenship 
US 



Post Office Address 
Castillo de Utera #1 



Seville, Spain E-41013 



Full name of second inventor, if any 



Second inventor's signature Date 



Residence 



Citizenship 



Post Office Address 
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